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SUMMARY

Formulas are presented for ths calculation of the additional—
mags corrections tc the moments of inertia of airplanes. These
formulas are of particular valuve in converting the virtual moments
of inertia of airplanes or models experimentally determined in
air to the true moments of inertia. A correlation of additional
moments of inertia calculated by these formulag with experimental
additional moments of inertia obtained from vacuum—chamber tests
of Lo spin—tunnel models indicates that the formulas give satisfactory
estimations of the additionsl moments of inertia.

INTRODUCTION

. In stability investigations involving free—flight tests of
dynamically scaled models or of full-scale airplanes it is necessary
to know accurately the true moments of inertia of the model or
airplane. In order to obtain the true moments of inertia of the
model or alrplane the experimental moments of inertia, determined
by the pendulum method, must be corrected for the effect of the
surrounding air. The effect of this amblent air on the apparent
moments of Inertia is usually small but may be as large ag 295 per—
cent of the true moments of inertia for alrplanes with low wing
loading.

The fundamental basis of the effect of the ambient—air mass on
bodies undergoing acceleration has been developed in references 1
and 2. References 3, %, and 5 present experimental data on the
effect of the ambient-air mass on the moments of inertia of flat
plates obtained by swinging the plates as an integral part of a
pendulum. Reference 3 presents a method of corrscting the moments
of inertia of a full-scale alrplane for the ambient-air mass effect
by consldering the projected arsas of various components of the
airplane in planes normal and parallel to the plane of symmetry and
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applying to these projected areasthe experimentelly determined
additional moment-of-inertia corrections for flat plates of finite
aspect ratio.

In the present paper, formulas are presented for the rapid
eveluation of the additionzl-mass arnd moment-of-insrtia correc-
tione for airplanes that are swung £8 en integral part of & pendulum.
The method proposed in the preceding reports has generally heen
conformed to with the exception thet the arbient-air mess effect
for parts of the aliplane such as the fuselage wes determined
theoretically from the motion of an ellipsoid ir a three-dimensionesl
potentiael flow. The method presented hag been epplied to 4O complecte
dynamic airplane models previously tested and the results have
been compared with the exverimentally determined values.

SYMBOLS

For corvenlence in defining ¢ertain symbols, sketchss for
identifying dimensional parts of the airplane are given in Ffigures 1
and 2. The numerical values given in these figures are for use
in an illustrative example that is subsequently rresented.

b span of surface (includes mpan of fuselage between surface
panels; for vertical tall see fig. 2(b))

S area of surface (for wing end horizomtel tall includes
area of fuselage between surface panels)
A aspect ratio of surface (b°/S)
Cyp root chord of surface
(28
Cy tip chord of surface (TT - c;)
\
c mean chord of surface (S/b)

plan-form taper ratio of surfacs (c,/cy)

I

dihedral of wing or horizontal tail in degrees
length of fuselage (see fig. 1)

geometric average width of fuselage

SR N

geometric average depth of fuselage

ot

comporent 1in plane of surface of perpendicular digtance
between axis of rotation and centrolid of area of surface
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fo

k

fXI’

distance from centroid of side area of fuselage to axis
of rotation parallel to and in the plane of the X-~axls
{conveniently reforred to hersin as axis of X swinging)

component of distance in the X-Y principal plans of
fuselage of the perpendicular disbance between the
centrold of plan area of fvselage and the axis of
rotation parallel to and In the plane of the Y-axis

distance from centrold of side area of fuselage to axis
of rotation parsllel to and in the plane of the Z-axls

distance from centroid of vertical-tall area to axis of
rotation parallel to and in the plane of the X-axis

- component of dlstance in the XY plane of fuselage of the

perpendiculer distence betwsen the centroid of
horizontal-tail area and the axis of rotation parallsl
to and in the plane of the ¥ -axis

distance from centrold of vertical-tall area to axls of
rotation for Z swinging

component of distance in the X-Y plane from the centroid
of area of wing to axis of rotation parallel to and in
the plane of the Y-axis

coefficient of additionsel mass of & flat recitangular plate

coefficient of additional moment of inertia of a flat
rectangzular plate

taper-ratio correction factor

dlhedral correction factor

PV kfz coefficlents of additional mass of equivalent

ellipsoids for motion along the X~, Y-, and
Z-axes, respectively

k;z coefficients of additional moments of inertia of
equivalent ellipsoids about the X-, Y-, and
Z-gxes, respectively

additional mass of a body
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I, additional moment of inertis of & hody

IX’ Iys I moments of inesrtia ebout X-, Y-, and Z-bedy axes,
ragnectively

I, Ty, IZa totel additional momenmts of inertis ebeut

X-, Y-, and Z-body ax=s, respectively

', IYa’, Iza' total additf?nal moments of inertia about X, ¥,
& and Z swinging axes, respectively

g denaity of air, slug per cublc foot

Subscripts:

W wing

fus fuselage

ht  horizontal tail

vh vertical tail

DEVELOEMENT OF EQUATIORNS

Wings and Tail Surfaceé

In order to evaluate the additional-mass correcticns for the
wings and tall surfaces of en sirplane it was assumed that theso
surfaces were fla% plates and thai tvhe addltional-mezs corrections
previously otbhained for flat plates (references 5 and 6) were approxi-
mately correct for the wings and tail surfaces. The adéitional
mass of a wing or tall surface in tremslatory motion may be deter-
mined from the followlng equation:

m = 2 kagb (l

where k, +the coefficient of additional masse plotted in figure 3
as a function of the aspect ratio, has been obtalned by averaging
the exverimental resulits of NACA tests presented in reference 5.

The velues presented JIn referemces 3 and 5 for a rectanguler winsg
end those of the present analysis are agssumed to ke accurate for

& tapered wing when conmidered as an equivalent rectangular wing

of chord <.
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The additional moment of inertia of a wing or tail surface
rotating ebout its chord at the midspan is determined from the
equation

it} ':“‘2
Ia=r8k-cb3. (2)

where k', the coefficlent of additlional moment of inertia

plotted in figure 4 as a function of the aspect ratio of the plate,
has been obtained by averaging the experimental results of NACA tests
presented In reference 5. Application of correction factors for

the effect of dihedral angle and taper ratio gives the following
equation: '

I, = g—g DDy k5703 (3)

The correction factors for the effect of diheodral angle ané taper
ratio on the values of the additional memsnts of inertis for flatb
plates as given in reference 5 are presented in figures 5 and 6.

For rotation sbout & spanwlse axis through the centrold of
area of ths surface the additional moment of inertls 1s given by

O L a3
I = — k'&%D b
Y R (%)
where the aspect ratlo used in determining k' from figure b is,

For rotation about an axis displaced from the cemtroid of
area of the surface, the additional moment of inertia asbout the
axig of rotation mey be found from the expression

v 2
Ia = I, + maz

where 1 1s the component in the plane of the surface of the ’
perpendicular distance between the axis of rotation and ‘centroid of
area of the surface. For example, the additlonsl moment of inertia
about an axis parallel to the chord of the surface is given by

T 100523 4 T 152y,2 _
Tt = L k%3%h7 + - KED
=3 11-8 N -C 1 (5)
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Fuselage

In order to evaluate the additional.-maess and moment-of-inertia
corrections for the fuselage 1t may be assumed that the fuselage
of an alrplane can be approximated in shape by an ellipsoid and
that the values of additionsl mass and sdditional moments of inertia
calculated for the ellipsoid are epproximately correct for a
fuselage which has the seme length and volume as the ellipsoid.
That is, the maximum depth and the meximm width of the equivalent

ellipsoid are equal, respectively, to }/ -g-d and ‘,/;E% w of the
¥

fuselage vhere d eand w are valueg of the averags depth and
width of the fuselags.

FPor a fuselage moving in a direction parallel to cne cof its
Princlpal asxes in an inviscid fluld, the additionsl mass is deter-
mined from the equations ef linear mementum for the equivalent
ellipsold presented in reference 2. For motion along the Y &and
Z vrinclpal axes, the values of the additinnal mass in terms of
the average dedth ard wldth of the fuselage arc given, respectively,
by '

my = PlgyLevd (6)
and.
m, = pkprLewd (1)

vhere k‘fY and kr’.‘Z ; the coefficients of additional mass for lincar

motion along the ¥~ and Z-axeg, are prosented in fignre 7 as a
function of the fincnese »atio in the tlen view and the mezimum
depth-to-width ratio of the equivalent ellipsoid.

The additional moment of inertla of a fuselage rotating about
.one of its principal axes is determinad frem the cquations of
robetlonal momentum for the eguivalernt ellipacid zs mresented in
roferences 2 and 5. For rotaticns =bcut the Y and 2 axes.
rogpectively. the additlonsel mepents of inertia mey be exoressged
in terma ~f the average width snd devth of the fusel:nge 28

/ _
102 3a2)

e 2 A
£y De W L 2:t_/’ (8)
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and o ™~
‘L 3w
=8 pe S AN
Trg =5 Elegle¥ \ 3 ¥ 2n> (9)

where the coefficients of additional moments of inertis k’fY
and k'fZ are presented in figure 8 as a function of the fineness

retio in the plan view and the maximum depth-to-width ratlo of
the equivalent ellipsoid.

For rotations about reference swinging axes displaced from
but parallel, respectively, to the Y and Z principal axes of the
fuselage the values of the additional moments of inertia may be
obtained from equaticns (6) to (9) and the moment-of -inertia
transference equation.

I' =T +m1°
o = Iy tml

(49

asg
1 P t /Lfa 3d2 2
Iy = g K ylgwd \ 5+ 57 )+ o(lpglevdre ) (10)
and :
£ 2 -
I, ¥ = “ k! oLawd (£ + m—] 4 p/k T Wil 2 (11)
2g, 5 £ZHf \\h ex/' \ Yy fZ (11

For motion along and rotation about the X principal axis of _
the airplane, calcilations and theory show that the values of the
additlonal mass and additionsl moments of inertia are reletively [
small; accordingly, they have not been considered in the following |
eguations for tho estimation of the total additional momentes of !
Inertia of the airplane about its swinglng axes.

Complete Alrplanes

The evaluation of the edditional moments of inertia for a
complete airplane entails the applications of equations (1) to (11)
to the various portions of the airplane, which can be congldered
either ag flat plates or ellipsoidal bodies. For mach part of the
airplane the value of the additional moment of inertia is computed
sbout an axis througk the centroid of area of the surface and
perallel to the corresponding reference swinging axis by applying
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the appropriate forms of equations (2}, (3), (%), (8), =and (9).

The total values of the additional moments of inertla about the
reference swinging axes are then obtained by using the appropriate
formes of the moment.of-inertia transference formulas (equetions (5),
(10), and (11)}.

Tt has been found that, inaesmuch as some terms of the resulting
general equation for the coﬁplete_airplane are small, epproximate
equations for additlonal moments of inertie sbout each of the three
swinglng axes may be written without sacrificing accuracy. These
approximate equations ars:

1.t _ Mo ( 1 c ) (,. 2
' = 15 KDy D8 D a0 (Bpylpvity, - (12)
-
!'
. e /£f2 3dé\1
Ty ' =ikt 2 g e
LA R o e vy
ﬁp Se q\
+ ok, L wdl 23 + “‘K;'”" 4. = (13)
A f
PN Jeps B P B g
2 g
I, ! 1‘9—1:* Lowd e +31J
Ze, ~ |5 £z T 21/ | ous
. " \‘
2% mo 8-, 2}
+ p(&r Lowdl i + = kT (1h)
-fY Ty /fus 4 \ LI /vt

where, for convenlence in msking the calculations; S/ is
substituted for c.

An 1llustration of the applicatlon of the proccdurs to detor-
mine the additional moments of imertia is glven In the aprendix
for a typical fighter alrplane. Ths method of debtermining the
various dimenaions and areas 1s indlcated on figures 1 and 2. The
values of the terms left oub of the approximate equations ere
also given aend it may be seen that these terms are negligible.
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Comparison of Experimental and Calculated Results

An estimate of the accuracy of the equations (12) to (1k)
uged in calculating the additional moments of inertia may be
obtained by inspection of figures 9 to 1l in vhich the calculated
values are plotted against the experimental values which were
determined by swinging the models in a vacuuu chamber as described
in reference 5. The agrecment is good since the experimental
errors may have been as high as 50 percent of the true values,
which were only a smuall percentage of the total values of the
moments of inertia measured with respect to the swinging axss.

A comparison of the sxperimental values of the tetal moments
of inertia about the body axes with the additional moments of
inertia about the axes of rotation is presented in table I. This
teble indicates that with a swinging gear similar to ‘the arrange-
meat shown in figure 1, the additional moments of inertia probably
de not exceed, in the majority of cases, 25 percent of the trus
moments of inertia about the body axes.

SUMMARY OF RESULTS

Formulas have been developed for the estimation of the addi-
tional moments of inertia of airplenes or airplane models. A
correlation of the experimental data on 40 models indicates that
the satisfactory estimations of the values of the moments of Inertia,
due to the ambient.air effect, may bte determined by means of these
formilas.

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va., October 15, 1946
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EXAMPIE OF METHOD FOR CALCULATING THE ADDITIONAL

MOMENTS OF INERTIA ABOUT THE REFERENCE SWINGING

AXES TOR A TYPICAL FIGHTER AIRPLANE

Pertinent data.- In order to 1llustrate the use of the formulas
presented in the text, calculations are presented for a typlcal

fighter asirplare.
for swinging.

Pigure 1 is s sketch of the alrplanc in posltion

Pertinent coefficieﬁta and dimensiopal data for the airplane

gre as follows:

Wing:

Area, S, 8¢ ft ¢ . v o v 00 v e 0.
Snan, b, £H ¢ s s o s s e e 0w e e
Aspect ratlo, A . ¢« 4 ¢« o s ¢« o ¢ & o o

Meen chord, &, ft (S/b)

of wing to Y-axis of rotatlion,

Taper ratio, A
Dihedral, I', deg o ¢« v ¢« v o o o« o« &
Addisional masc coefficient,

fox‘ﬂ=5?9)|.l.|hlicl.l
Addrticnal momert-of-inerties coefficient,

Wy

Component of distance in the X-Y plane from centreid
ki

k (from fig.

- L] Ll
- *
e e o
. e
. . .
.- e =
» o @
* * @

of srea

. a LI | . . LI |

e () s =

k!, for the

- X pwineing (frem fig. b for A =5.9) v v ¢ o ¢ ¢ 0 0 o s
For ths ¥ awipcing, the reciprocal of the aspect

BN
ratic ;f 5% i i uged to give an edditicnel mcment-of -
\ o5}

AR
inortla coefficiant kY
Tarer-~-ravic corzestion,
Dihedral correction, Ip

Dy
(from £ig. 5)

Fuselegs:
Length, Lg,
Average width,
Avernge depth,

t
W,
4,

ft L L] L] - L] L] \J . L
f-b L] L . * * L] * L .

from figwre % . . 0 0 0 0 0 .
{from 72g. 6)

¢ o & &+ e ¢ & s 0

¢+ &« & & ¢ 5 & 0 ¢ b

* . . . ] L] . . L]

Distance from centrold of slde arca of fusclage to

X-sxis of rotation, 'LfX, 5 .04

Component of distence in X-Y planc from centroid of top
area of fuselage to Y-axis of rotation, Ify , 5. 4

23.5
3.50
3.95

7.68

4,50
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Fuselage - Contlnued:

Distance from centroid of slde ares of fuselage to
ft [ ] L ] L ] L] L] . L] [ L A

Additional moment-of-inertia coefficients

Z-exls of rotatblon, sz,

obtained from the width-depth rabtlos and
fineness ratio of the fuselage (fig. T)

k

fY L] L] L] . L . L] * ¢ L] L] ] '.I L L] [ ]

ku 1) . 1) L] L] . [ L] . [ ] . . ] [ . L

Additional moment-of-inertia coefficients obtained

from the width-depth ratios and fineness ratio of

the fuselage (fig. 8)
k'f“l‘ e 8 ® 8 ¢ s e o

] '
k fZ - L] ’ L] . * [ L]
Horlzonbal tail:

Area, 8, B¢ ft . « + o« «
Span, b, £t . ¢ s 0 0 e
Aspect ratio, A . o « 5 « &
Mean chord, €, ft (S/b) . .
Component of distance in the

X

F<. . e =

of arse of horizontal tail to

rotation, th
Additional mass coefficient,

k,

e & o

plane
Y-axls of

. L L] LI L L L] . .

(from fig. 3)
Addltional moment-of-inertia coefficlent,

the X swinging (from fig. 4 for

A= 3.7)

For the Y swinging the reciprocal of the aspsct

ratio

of «inertis cosfficient
Teper ratio, M

Vertical tail:
Area, S, sq ft . . .
Span, b, ft .
Aspect ratio,
Mean chord, ¢,

Distance from centroild of area to X-axis

rotation, ztx’ ft

rotation,
Addltional mass coefficilent,

Additionel moment-of-inertia coefficient,

from figure

from centrol

Taper-ratlo correction, D, (from fig. 6) .

s * e e

* o o o

* - L]

Distance from centroid of area to Z-axls

kt, for

of

.

of

* * e

h

?l'bz,f'btcotloiiltoll

k (from fig. 3)
kt,
X swinging (from fig. &% for A=1.04) . . « + « « « «

o & o o

¢

d

e & o 2 s 9 e & @ . e 0 L] s & e =& LI ] .

o &« & o

1
-—-§ is used to give an additional moment-

kst

« & o o

for the

» & e o

11

» e o o

19.1

0.59
0.4
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Vertical tall - Conbinued:
For the 2 s’iringing the reciprocal of the aspect

ratio ( i‘“éﬂ) is used to give an additional moment-of- .
inertis coefficient k fromfigure % . « v 4 o « « « 0,40
Taper rattio, h L ] [ ] - [ ] L ] L] L] * L] - - L] » L] L ] L] L ] L] o« L ] L] 3.0
Taper-ratio correction, D, ({from fig. 6) . « . « « 4+ o4 0.72

X-oxig.- The additional moment of inertia about the X swinging

e

exis (shown 1n f£ig. 1) is obtained from the approximete equation (12)
ag Tollows:

1 o PT e 2 T ,2)
It = o5 (CD0rS D) + okpbpwaty s (a1)

Substitubting the proper tebulated values in egquation {Al) gives

o o 334 (0.002378)
Lo ~ 48

e 50)2
[(0.88)(0.86) (0.88)(220)2(36)]_

+ [(0.002378)(1.0&){23.5)(3.2;0)(3.85)(7,68)e]fus

i

(185.66)y + (45} pyq

231 slug-£t2 (a2)

The value of Iy ' detormined experimentally was 269 slug-foot2,
a

The exact equation for the additional moments of Inertia
sbout the X swinging axis contalns the following terms, a numerical
evsluation of which gives quentities that are indicative of the
relatively small magnitudes of thess terms:

%‘ (km’@sa@ ht
.

“"3,;%5.9:.@3.31@ (0.78)(0.85) (1) (24.7)2(11.5) J
48 ht

4}

1.47 slug-£t2 : (A3)

il
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prt 2
Ty (k”Dz,S‘b) vt

k3'1”(ié002378) (o.m.)(0.72)(20,2)_?(’%5)]

G

0.089 slug-f+2 (ak)

pr fksa'l, 2}
T T %
\ X /vy

1 3.14(0.002378)
! L

( (h 3)2[

(0.59) Lot
v

- 1.81 slug-£t2 (a=)

Y-axis.- The additional moment of Inertla about the ¥ swinglng
exis Eshown in fig. 1) is obtalned from the approximate equa-

tion (13) as follows:
wp ;[ Le® + 3(12)-} ok Lewd s 2)
. L Pt + Tt i
Ty, ' = e A W -V P [p(.kf?* £y J]fus
S |
+ | 5 N - B
[h (k Yoyl o

Substituting the proper tebulated values in equation (A%) gives

2
(23.5) .3 (3.85)2
_ ) 6.28 fus

+ {(0.002378)(0.86)(23-5)(3-#0)(3-85)(450)211*%

Iy! ___sz_P.??ﬁ,Z? (0.89)(23.5) (3.40) (3.85)

7

(3 k(o .002378}&3 .90(34.7)2
L 11.5

(15.8)9}

i\ ht
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= (18.90) pu + (12.7) ppg + (83.99)
= 76 slug-fte (A7)

3 5 a .1 o
The value of Iyq’ determined experimentally was 143 slup-fret®.

The exact ecuation {nr the additional moments cf inertia
ebout the Y swinging axis contains the following terms, a numerical
evaltation of which gives gquuntities that are indicative of the
velatively emall magnitvdee of these terme:

o 2
18 {E DS :"Dw
3,34 8 .
2,14(0.002378 .
- | e ) (0.12) (0.86) (0.96) {220)2(6.1)
e +‘I- P
= k.56 glug-Tt~ | (A8)
o f, 82 o) _J3.13+(o.ooe37€? 10.95(220)2 .60 L
N b Wy, W i | 35 R
i Fw
= 6.11 slug-ft? (A%)

OF fyan D”SQJE
i (K28

- i"3.1u(o.ooe378)

; " {0.18) (0.85)(1)(3’+.';’)2(3-1)J

ht

0.089 elug-Tt>

(A10)

2-axis.~ The additional moment of inertia zbout the 72 cwinging
axig (ghovn in fig. 1) 1s obtained from the epproximate egustion (14)
ag Tollows:
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0 Lt 3) ( L
t oo |2 g e k wd 1 )
IZa 5 pplpWa. // pid e Iy fus

px 82 2)1
+ [;¥ (L b 1tZ . (A11)

—~

Substituting the proper tebulated values in equation (All) gives

I, ! ((0.._.99_?57_8) (0. ok (23.5) (3.4) (3.85) [(___3_.21,. _3_(3. h)E\L
8 ; 5 L 6.28 lfus

+ [(0.002378) (1.08) (23.5) (3.8)(3.85) (29.1)%] ___

!( 1 n l
! " [&9 l . [ ° “
. ‘13.11(0.000378) go 59(20.2) (30.6)2]

4 i, L.6
L . J vt
= (19.70) pyg + (277.65) pyg + (91'63)vt
= 389 slug-ft° (A12)

The value cf IZa* determined experimentelly was 346 slug-feetg.

The exact equation for the additional moments of Inertia
about the Z swinging axls contains the following term, a numerical
evaluation of which gives a quantity that is indicative of the
relatively small magnitude of this term:

}3 14(0.002378)
,_ L8

~(0.41)(0.72) (20.2) 2(L. 1)
vt

0.083 slug-—f“b2 (A13)
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TABLE I.- COMPARISON OF THE EXPERIMENTATL, TOTAT, VALUES OF THE MOMENTS
OF INERTIA ABOUT THE BODY AXES AND THE ADDITIONAL MOMENTS OF
INERTTA ABOUT THE AXIS OF ROTATION OF THE COMPOUND PENDULUM
OF 40 FREE.SPINNING AIRPLANE MODELS

[Yalues are in gr-in.?]

Alrplans Model ¢} Ty ! - T
model scale | Ixa- Ty T, Tz . Zg,
XSB2U-1. 1/16 6,520 | 1160 | 14,082 | 398 | 19,217 | 2088
BT -9 1/16 5,280 { 717} 7,452 34k } 11,260 | 1270
P-35 1/18 3,195 .1 300 L,681 § 160{ T7,095F 38
X0S2U-1 1/16 L,04k -} 877 { 10,190 56 | 13,234 § 1849
P-36A | 1/20 1,327 { 232 2,937 79 3,962 482
802U -1 1/16 5,188 | 890 | 16,369 | 5h0 | 20,361 | 2337
YFM-1 1/25 8,51 | 1128 { 4,002 1 639 | 12,556 | 1894
%803C-1 1/1k 11,566 | 1385 | 34,169 | 1291 } 41,806 | 3309
XSB2A -1 1/25 1,908 | 2u6 | h,k17 150 6,115 Li5
B-26 1/26 11,266 | 523 | 12,354 | 651 | 22,809 | 1601
XP-46 1/20 2,158 | 166 3,640 116 | 5,617 395
XTBU -1 1/2k 3,311 350 6,328 1 119 | 9,216 | 579
XP -47B 1/20 9,111 { 387 | 8,572 | ok | 16,978 | 656
xP-57 1/e1 6,156 | 183 | 3,752 63 1 9,327 | M5
XSB3C 1 | 1/20.83| 8,694 | 831 | 11,2321 729 | 19,008 | 826
LP -69 1/20 17,375 | 118L | 32,307 | 735 | 48,451 | 2153
XP-62 - 1/22 5,402 h32 9,198 | 233 { 13,755 | 843
XP14C -1 1/20 7,695 695 9,686 368 | 15,990 | 169k
XF2A -1 1/16 4,578 | k36| T,h52 1 503 | 11,2%0 | 875
A-1T7 1/15 17,190 | 2100 | 21,265 { T30 | 34,364 | 2233
XFhp -2 1/12 12,730 | 2540 { 31,149 | 1725 { 41,006 | 2740
NF -1 1/12 16,280 | 1700 | 32,882 | 1308 | 48,098 1 2830
XPhU-1 } 1/20 4,852 383 5,303 258 g, hk 779
XF5F -1 1 /22 b, 401 269 2,927 102 oL 313
XP7-12 1/1k 9,7kl | 1320 | 16,305 6oL | 24,506 | 1603
XyT-11 1/16 5,416 876 8,7k6 335 | 11,835 | 1202
P -50 1/25 2,965 98 | 1,530 99 | L,560 122
XTBH -1 1/22 %, 793 857 8,532 386 | 12,722 958
P-39D 1/20 3,la7 | 137 | 3,992 %0 § 7,032 { k32
P-30 1/16 T,9hk 738 | 1k,511 | 180 | 20,301 | 1559
P-hor 1/20 3,304 | 274 | 5,190 82 { 7,980 | L65
SHC -1 1/1% k,8%6 659 | 11,19k ho1 | 15,394 § 1246
S8 2D-1 1/20 9,155 566 | 16,775 W63 § 24,856 | L6oL
Xh-39 1/20 13,915 | 1529 | 17,542 | 1156 | 30,136 | 2195
X275 116 20,309 | 1745 | 33,701 { 1089 | 51,829 § 361k
XP-T1 1./28 18,930 653 | 12,860 70 | 31,790 | 3241
e -3 1/23.75 | 18,554 | 276k | 25,507 | 870 | 41,856 | 2461
XCG-16 1/32 2.821 707 2,043 150 4,688 752
Cc-82 1/60 770 187 373 Lhhy 1,119 45
SBN-1 1/18 3,587 428 6,601 239 9,741 867
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NACA TN No. 1187 Fig. 1
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Figure 1.- Sketch of a typical model showing dimensions necessary for
the calculation of the additional moments of inertia. All dimensions
are full-scale values.
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Fig. 2 NACA TN Ne, 1187
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Figure 2.- Sketch illustrating method of measuring the chords,
span, and area of the horizontal and vertical tail surfaces;

¢ = (-%S—- - C,. where S is the area of the tail surfaces.



NACA TN No, 1187 Fig. 3
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| Figure 3.- Coefficients of additional mass for rectangular plates.
Curve is average of NACA 1933 and 1940 tests. (Reference 5)
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Figure 4.- Coefficients of additional moment of inertia for rectangular
plates. Curve is average of NACA 1933 and 1940 tests. (Reference 5)
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NACA TN No. 1187 Fig. 5
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Figure 5.~ Variation of the additional moments of inertia of a
single plate with dihedral angle; A = 4 (reference 5).



Fig. 6 NACA TN No, 1187
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Figure 6.- Dependence of the additional moment of inertia on taper
ratio (reference 5).
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Figure 7.- The variation of the coefficients of additional mass
key and ku with the fineness ratio of an equivalent ellipsoid
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Fig. 8 NACA TN No. 1187
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NACA TN No, 1187 Fig. 9
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Figure 9.~ Comparison of the experimental and calculated model values
of the additional moments of inertia about the X swinging axis for
40 free-spinning models,



Fig. 10 NACA TN No. 1187
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Figure 10.- Comparison of the experimental and calculated model values
of the additional moments of inertia about the Y-swinging axis for 40
free-spinning models,
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Figure 11.- Comparison of the experimental and calculated model
values of the additional moments of inertia about the Z swinging
axis for 40 free-spinning models.



